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A preliminary note about the events which prompted this study may 
provide some perspective on its purposes. In reading this report one might 
presume that it was authored by a mathematics educator, and prompted by a 
general interest in mathematics curricula. Contrary to this, the motivation 
i:or this study originated in an interest in the nature of learning abilities, 
<ind was precipitated by eiqperiences with individual students. 

The questions which arose pertained to the application of curriculum 
policies to specific students as follows: Should a student who has re- 
ceived a C or lower in a 9th grade algebra course be admitted to a course 
in Geometry? Should a student in the lowest quintile of a mathematics 
placement test be programned in a 9th grade mathematics course; should 
he receive any further course \iovk in high school mathematics? The first 
policy existed in a particular school and may prevail in many schools. 

The other policies were under (^oiosideration in another system. These 
policies had evolved from teachers' Judgments about the value of mathematics 
courses for certain students, and the degree of success which they might 
be expected to attain. Data are generally not available, hoiTever, to sup- 
port or refute their Judgments. 

These programming policies evoked additional questions as iollcMsi 
Should Geometry be considered sequential to algebra; or should it be 
regarded as an independent area of study? Is mathematical aptitude a 



general aptitude; or, are there specific abilities, some of which might 
enable a student to achieve satisfactorily in geometry despite unsatis- 
factory achievement in algebra? Are the mathematical abilities of students 
entering the 9th grade sufficiently mature and stable to permit reliable 
prediction of their future mathematics achievements? Obviously definitive 
answers to these questions could not be obtained in a single study. Also, 
Inasmuch as they refer to mathematics curricula which span over several 
years, and they refer to abilities which evolve during the course of mental 
development, longitudinal studies would appear to be necessary. 

There were several factors, hotTever, which contraindicated longitu- 
dinal research. First, since the introduction of the so-called modern 
mathematics courses in the curricula the topic contents of mathematics 
courses have been considerably changed. The sequence of coursee^ e,g. , 
arithmetic, introductory algebra, plane geometry, solid geometry, trigo- 
nometry and advanced algebra, which existed in the traditional mathematics 
curriculum, has generally been reorganized. Modem mathematics has empha- 
sized the study of related concepts and the discovery of mathematics prin- 
ciples, rather than the mastery of separate content areas. As changes in 
the mathematics curriculum proceed, a consideration of the sequential na- 
ture of the courses, and how these relate to students' abilities will 
eventually become necessary. Second, since the mathematics curriculum 
is still in the process of being changed, and since several tracks of 
modem and traditional mathematics may be offered at a given grade level, 
it seemed preferable to conduct a cross sectional study of the types of 
®^>illties which students present at a particular grade level. 

The next logical step then is to examine how these abilities are related 
to their performance in the specific courses in which they are enrolled. 



Pretiminary discussion about these problems was carried on with 
Dr. Nancy vThitman^ Associate Professor in Mathematics Education at the 
University of Hawaii and with Hiss Amy Tsunehiro, graduate student and 
intern teacher. The plans for this study were then formulated. Prelimi- 
nary endorsement to conduct this study was obtained from Dr. Uilliam 
Savard^ Assistant Superintendent of Research^ and from Miss Beatrice Loui^ 
Coordinator of Testing Services of the State Department of Education. 
Administrative approval and assistance were then obtained from Mr. Donald 
leach, principal of the Stevenson Intermediate School. 

Miss Sharon Kim, Research Assistant in the Education Research and 
Development Center, was enq^loyed to coordinate the study. She established 
an excellent liaison beti^een the cooperating school and the Education 
Research Center, and her services on the project were invaluable. 

Particular gratitude is expressed to Ihrs. Jennie Nakamoto, Chairman 
of the liathematics Department and to Ifr. Maurice Edwards, Vice Principal 
at Stevenson School for planning and arranging the students' schedules 
and for their assistance in facilitating the data collection. The study, 
as it was eventually carried out, required extensive assistance and coopers' 
tion from the mathematics teachers and from the ninth grade students at 
Stevenson School. Their assistance is also acknowledged gratefully. 

Donald A. Leton 
23 November 1966 
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Introduction 

Mathematics^ T-7hich originated In the common needs of dally Ilfs, 
has now expanded Into many abstract branches* Although the abstract: fea- 
tures of mathematics have given rise to a philosophical idea about its 
purity, nevertheless these theories can only be validated by regularities 
in the phenomena of the natural world and the universe* Unfortunateily 
as the higher levels of abstraction have been developed In mathematics 
they also became more removed from conmon knowledge* 

Because of its abstractness mathematics is said to be more difficult 
to teach than any other subject field* On the other hand it has also 
assumed more and more Importance in modem day affairs* Our technical 
and scientific culture has again asserted the need for mathematics knowl- 
edge* Along with this demand for mathematics knor/ledge there has also 
occurred a desire for good mathematics teaching* Mathematics educators 
are nmt faced with three significant tasks: 1* the selection of mathe- 

matics content from kindergarten through graduate programs, 2* the arrange- 
ment of curricular sequences, and 3. the evaluation of mathematics content 
in general education curricula and in specific vocational and professional 
curricula* 

Purposes 

There were two general purposes for this study* The first was to 
identify the types of intellectual abilities which define the mathematical 
aptitudes of ninth grade students* and the second was to determine hota 
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these abilities arc related to achievement in specific mathematics 
courses* 

The point of view that a variety of intellectual abilities evolve 
during the course of mental development is now generally accepted* The 
nature and number of such abilities, hoi^ever, is the subject of much 
theoretical and research debate (e*g*, Guilford 1959, French 1963, 
Thurstone 193^ Thurstone 1941 and others)* There are contrasting views 
as to the nature of numerical Intelligence* For example TJechsler (1944) 
regards it as a type of verbal intelligence* In the Hechsler Intelligence 
Scales arithmetical reasoning ability is assessed in the Arithmetic Sub** 
test of the Verbal Scales* In contrast to this, Thurstone (1941), in her 
study of the primary mental abilities, identified & numerical factor 
independent of verbal comprehension and word fluency* Although numerical 
ability is commonly recognized as an independent trait the question of 
whether it differentiates with various other subabilities, and when such 
differentiation occurs, has generally not been investigated* 

It has been presumed that the ability to perceive space^and-form 
relationships, and logical reasoning ability arc components of geometry 
aptitude* Spatial and form-perception abilities appear to evolve rather 
early in mental development (e*g*, Thurstone 1933, Frostig ct al 1964, 
Leton 1963); however, their influence on subsequent arithmetic achievement, 
or their possible influence on achievement in modern mathematics courses 
at the elementary school level has not as yet been investigated* 

Inasmuch as algebra achievement requires the manipulation of abstract 
symbols it may be hypothesized that abstract reasoning ability would be 



more predictive of success in algebra than would abilities such as numer- 
ical intelligence and space-form perception. 

Grouping of students on the basis of prior grades introduces a complex 
set of predictor variables. Ihiasmuch as academic instruction is largely 
a verbal transaction, intellectual traits such as verbal -comprehension and 
general reasoning have been found to be highly predictive of grades. Stu- 
dents are also rewarded, however, for displaying certain personal and 
behavioral characteristics, e.g., conformity, responsibility, and intellec- 
tual efficiency 0'7alters 1962). Since a major proportion of the variance 
in course grades is due to these personal and behavioral traits, and since 
they are not assessed in the usual academic aptitude tests, course grades 
do not represent a suitable criterion of the efficacy of ability predictors « 
On the one hand scholastic aptitude is viewed as a general trait, and 
for school-age children is considered to be synon 3 rmous with intelligence. 
I'lhen tests are used for decisions about school admission and curriculum 
placement, most frequently they are tests of general scholastic aptitude. 

On the other hand the existence of specific and group factors of intelli- 
gence have been demonstrated in research. The school curricula are differ- 
entiated into tracks and levels. Relatively little attention has been 
given to the use of external criteria such as course achievements to vali- 
date specific intelligence factors. Also, the extent to which differences 
in course achievements such as algebra and geometry depend upon the dif- 
ferences in the patterns of mental abilities presented by students is still 
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Chapter 2 

Review of Research 

A variety of net-7 courses, e»g», UlCSii, SHS6, are being introduced 
into the mathematics curriculum which have not been evaluated on the basis 
of comparisons with traditional courses, nor on the basis, of the abilities 
required for their mastery* Perhaps the greatest problem in the organiza- 
tions of present as well as revised curricula is that these arc not examined 
in the light of the students' aptitudes for various kinds of mathematics 
achievement* 

Prediction Studies 

A number of studies have attempted to predict success for a specific 
course at a particular grade level* In predicting success in first year 
algebra various studies have used either algebra grades or algebra achieve- 
ment tests as criterion variables* Dinkel's study (1959) is most pertinent 
among recent research pertaining to the prediction of algebra grades* In 
the first year of his study he found a multiple correlation of *78 between 
previous grades, intelligence, mathematics aptitude and achievement tests 
with grades in algebra* Using the same, variables the second year he ob- 
tained a multiple correlation of *86* In a more recent study Callicut (1961) 
used a combination of intelligence and achievement scores with subject 
grades from eighth grade courses to predict grades in ninth grade algebra* 

He found that arithmetic grades from the eighth grade and the arithmetic 
achievement scores from the Stanford Achievement Battery were the best 
predictors* 
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Flnal grades for eighth grade nathematics were found by Barnes and 
Asher (1962) to be the best single predictor of final grades in algebra, 

(r » .SS), By cooblning the eighth grade final grades with the scores on 
the Iowa Every-Pupil Test of Basic Skills and the Orleans Algebra Prognosis 
Test to predict achlevenent^ they obtained a multiple correlation of *63* 
Combining three additional predictor variables Increased the multiple corre- 
lation to m66m 

Using a different approach^ Cain (1966) coo^ared the relationships of 
the Verbal Reasoning and Numerical AbilA^ subtests of the Differential 
Aptitude Test Battery to algebra achievement* His sanqple was partitioned 
according to science currlcula^f groups, modem biology and traditional 
biology* In both groq;»8 the correlations of the Numerical Ability subtest 
with the algebra grades were significantly higher than the Verbal Reason- 
ing subtest* 

In other studies of algebra achievement using grades as the criterion, 
multiple correlations ranged from *57 (Clifton, 1940) to .86 (Layton, 1941). 
Torgerson (1933) found a multiple correlation of *60 and Ayers (1934) 
obtained a multiple correlation of *70* 

Using algebra achievement tests as criterion measures, Osburn and 
Melton (1963) compared the predictive validities of various measures for 
traditional algebra classes and experimental (modem) algebra classes. 

In both courses there were no significant differences in the proficiency 
of prediction by the aptitude tests* The coefficients of correlations 
between aptitude and achievement tests for both groups ranged from .62 
to *66* "Spatial and mechanical reasoning tests were more valid for the 
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experinentsl course than for the traditional course, •. the DAT spelling 
tests gave characteristically higher validities in the traditional course,” 

Duncan (1961) studied performance in ei^th grade algebra using intel- 
ligence^ algebra aptitude test scores, arithmetic grade placement scores 
and interest scores from science and literature scales as predictors* 
Performance on the Seattle Algebra Test was the criterion* He obtained 
a multiple correlation coefficient of *76* In other studies predicting 
performance on a first year algebra achievement test multiple correlation 
coefficients ranged from .65 to *84 (Dickter, 1933; Grover, 1932; Guiler, 
1944; and IfcCuen, 1930)* 

Several other researchers studied algebra achievement as well as 
achievement in other mathematics courses* Lee and Hughes (1934) studied 
prediction of algebra and geometry achievement* They found that for both 
algebra and geometry, the aptitude test predicted scores on the respective 
achievement tests better than they predicted final course grades* Teacher 
ratings of student ability predicted final grades better than final achieve- 
ment test scores* The predictions of achievement scores from aptitude 
tests were more successful than the predictions of final grades from the 
teachers' ratings* 

Teaqpero and Ivanoff (1960) studied ninth grade general mathematics 
and beginning algebra* They correlated end-of-year achievement tests 
with SCAT Verbal, Quantitative, and Total scores* For both curricular 
groups the SCAT Quantitative correlated higher with the criterion than 
did the Verbal subtest, but the Verbal sub test had a higher predictive 
validity for the year end achievement in the algebra group than for the 
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achievement in the general mathematics group* In one of the early studies 
on this problem Seagoe (1938) compared the predictive validities of intel- 
ligence, aptitude and achievement tests for general mathematics and alge- 
bra* She found that for both curricular groups the Stanford Arithmetic 
Achievement Test was superior to both the aptitude tests and the general 
intelligence tests* 

Analyses of Mathematical Aptitudes 

Even though a number of researchers have found differences in algebra, 
arithmetic and geometry aptitudes (Lee, 1955; Oldham, 1938; and Holzinger 
and Swlneford, 1946) most of the predictive studies assume a general 
factor of mathematical ability. Oldham* s studies (1937, 1938) illustrate 
the problems involved in analyzing mathematical aptitudes* In her factor 
analyses of mathematical abilities she Identified a group factor between 
arithmetic and geometry which stems from the application of number concepts 
to geometry problems* She also concluded that a group factor betx-7een 
arithmetic and algebra is due to the ability to compute accurately, and 
to perceive geometric forms* The use of geometric perception in the 
analysis of algebra aptitudes raises the question as to the amount and the 
sequence of earlier Instruction in mathematics* 

A mathematical group factor was also found by Wrlgley (1958)* He 
concludes that '*,.*the different branches of mathematics are linked together 
more closely by a mathematical group factor than they would be if a general 
factor only were in operation*" In addition, he isolated a general intel- 
ligence factor, verbal and spatial factors and a numerical group factor* 
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"Ferfonaance in geometry is connected tfltb spatial ability aa measured 
by the spatial factor. Perfomance in arithmetic (especially mechanical 
arithmetic) and to a lesser eii:tent performance in algebra, is in part 
dependent upon numerical ability as measured by a number factor 

In her factor analysis of mathematics ability Sister M. Canisia's 
(1962) oblique solution produc:ed 11 factors. In a second-order analysis 
she obtained 4 factors. 

The findings of this study suggest that mathematical 
thought processes appear to be mainly processes of edu- 
cation. organization, iuid manipulation of relations. 
Hathematical thinking aeems to be characterized by a 
fluency and flexibility of thought material under re- 
stricting conditions such as are often imposed by the 
assumptions, postulates, and definitions of a mathema- 
tical problem. The number factor spears to be quite 
unrelated to the other factors in terms of which mathe- 
matical ability was described in this study. (Sister 
li. Canisia. 1962: 125) 

Kline (1956) administered a battery of 38 tests to each of tt/o suc- 
cessive intermediate algebra clasiies and factor analyzed the two sets 
of data separately. The factors congruent to both analyses were then 
determined. There were 5 factors considered to be congruent in the two 
studies: Verbal Conq^rehension. Deductive Reasoning'. Algebraic Manipulative 

Skill. Number Ability, and Adaptability to a New Task. 

Factor A. Verbal Conq^rehension. was obviously present 
in those algebra tests which required the conversion 
of verbal statements into algebraic symbols and in 
the test of informational ability of algebra. 

Factor B. Deductive Reasoning, was noticeably present 
in tests of the following intermediate algebra topics: 
exponents, binomial theorem, progressions, use of 
tables. Cartesian graphs... 
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Factor C, Algebraic Manipulative Skill, •••was definitely 
in evidence in tests of the folloi^ing intemediate alge» 
bra topics: fractions, factoring, quadratic equations, 

radicals, exponents, and siiaultaneous equations* 

Factor 0, !kinber Ability, had no loadings above *30 in 
ai^ of the algebra tests* If the study had included 
more tests of practical problems, as in logarithms, 
progressions, and numerical trigonometry, instead of 
em^asising the theory, there is a good possibility 
that the nunber factor would have been stronger in 
the algebra tests* 

Factor 2, not present in the algebra tests, is more 
difficult to identify* •** The author has labeled it 
Adaptability to New Tasks, because all the tests with 
significant loadings on the factor required the student 
to perform a task he had never done before* (Kline, 

1956: 69-71) 

Guilford, Hoepfner, and Peterson (1965), in their study of ninth 
grade mathematics, conquered the predictive validities of standard academic 
aptitude tests, i*e*, CTMtl, Iowa and DAT, with the predictive validities 
of measures of s true ture-of -intellect factors* The ninth grade mathematics 
courses under study included Basic Mathematics, Non-College Algebra, 

Regular Algebra, and Accelerated Algebra* 

Thirteen factors were obtained from a principal-axes analysis of 28 
test variables* The factor scores were slightly better for the prediction 
of achievement in regular algebra, whereas the 9 standard tests were better 
for predicting achievement in basic mathematics* When the 13 structure- 
of-intellect factors were coinbined with the 9 standard predictor^ signifi- 
cantly higher multiple correlations occurred for both the accelerated and 
regular algebra course, but not for the basic mathematics course* 

Discriminant analysis of the 25 tests used in the structure-of- Intel-' 
lect factor study differentiated the successful algebra from the successful 
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mathematics students. The tests which discriminated between the above- 
median success groups were not entirely the same as those which were 
selected in steptjise prediction as best predictors of the entire ranges 
of achievement in algebra and mathematics classes. Guilford (1965) con- 
cludes that at least 10 factors are necessary for a predictive battery 

t • 

(for the ninth grade mathematics curriculum studied) and 3 additional tests 
are necessary to cover the task of classification. He concludes that 12 
different factors, primarily from the symbolic category of the structure- 
of-inteliect and dealing with the products of relationships and implica- 
tions, were most relevant for ninth grade mathematics. Some of these 
factors are represented in the earlier studies by Oldham (1937, 1938), 

Kline (1956), Wrigley (1958), and Canisia (1962). The question, however, 
of how many general and how many group factors may reside in mathematical 
aptitude does not appear to be adequately resolved as yet. 

Guilford raises an additional question as to whether achievement in 
the *'nec^7*' mathematics courses will take the same kind of predictor variables 
as have been found for the traditional types of courses. Although some 
consideration of this question appears in the study by Osburn and ?2eiton 
(1963) the factor structure of mathematical prognosis tests, and the rela- 
tionship of such factors to success in modem mathematics curricula have 
not been determined as yet. 
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Chapter 3 
Procedures 



Population and Sample 

The subjects for this study were the ninth grade students from 
Robert Louis Stevenson Intermediate School in Honolulu^ Hawaii* This 
school was selected as representative of intermediate schools in Hawaii 
in terms of its mathematics curricula, and in terms of the characteristics 
of its students* The students are from a variety of community backgrounds, 
and they present a wide range of ability and achievement levels* 

There were 227 boys and 249 girls entering as ninth grade students 
in the Fall of 1965* Because of student transfers there was an attrition 
of 16 boys and 22 girls from this study* All of the ninth grade students 
were programmed in mathematics courses, 33 were in the University of Illi- 
nois Committee on School Hathematics (UICSM). class, 120 were in Algebra 
1 & 2 classes, 90 in Mathematics 9X, 120 in Hathematics 9A and 75 in Mathe- 
matics 9U* A description of the courses is included in the appendix* 

Instruments 

The predictor tests administered to the students included the Orleans 
Algebra Prognosis Test (CAPT), the Orleans Geouaetry Prognosis Test (OGPT), 
the Cooperative Hathematics Test (CMT) and the Differential Aptitude Test 
Battery (DAT)* Other predictor variables included scores from the Quantitai: 
subtest of the School and College Ability Tests, Form 3A (SCAT), the total 
scores of the Hathematics sub tests of the Sequential Tests of Educational 
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Progress, Form 3k (STEP), and grades from the eighth grade mathematics 
course* End-o£«course grades and teacher*assigned stanines were used as 
criterion variables for the total group* Criterion tests for the specific 

mathematics courses were the UICSH final exam for the UICSM class, the 

<•« 

Cooperative Algebra Test for the algebra classes, and the arithmetic test 
of the S2A Achievement Battery for the 9X, 9A, and 9U classes* 

The SCAT, STEP, DAT, CMI and Cooperative Algebra Test were adminis- 
tered by school personnel as part of their test program* The teachers in 
each of the curriculum tracks assigned students within each course to 
stanine groups* 

Analyses 

I'feans and standard deviations of the distributions of students' 
intelligence and achievement test scores were confuted for each of the 
mathematics curricula* Analysis of variance was used to determine the 
extent of variation in verbal and numerical abilities among the groups* 
Analysis of covariance was utilized to determine the extent of variation 
in mathematical aptitudes which prevailed after adjusting for the initial 
variation in verbal Intelligence* 

Product-moment correlations were computed for the aptitude and 
achievement test variables* The variables included Numerical Aptitude, 
Abstract Reasoning and Space Relations test of the DAT battery, the 
Quantitative subtest of the SCAT, the Mathematics test of the STEP, and 
the sub tests of the Cooperative Mathematics, the Orleans Algebra Prognosis^ 
and the Orleans Geometry Prognosis* The resulting correlation matrices 
were factor analyzed* 
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Step!)7i8e regression analyses were ccm^uted to select subsets of 
the variables to predict the folloi-jing criteria: 1) teacher-assigned 
stanines^ 2) final grades, and 3) performances on the end-of-course 
achievement tests. 
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/ Chapter 4 

f 

9 

4 

• « 

I 

r 

j Results 

r 

0 

/ 

Analyses / 

/ 

Suosnary statistics for the distributions of aptitude test scores 
and for grades in eighth grade mathematics were computed. The results . 
for each curricula tracks for boys and girls ^ and for the total nintli 
grade class are shoim in tables 1 through 12* Graphs of the means and 
standard deviations of the mathematics tests for the five curriculum 
groups are included vith the tables. 

t 
# 

Analyses of 'Variance in Mathematics Aptitudes 

Students were assigned to the mathematics curricula on the basis of 
several criteria. These included an ability criterion^ the SCAT Total 
score; an achievement criterion, previous grade in eighth grade mathematics 

and a prognosis criterion, the CHT. Subsequent modifications of these assigri** 

« 

ments were also made on the basis of teacher recommendations and students^ 
and parents' requests. These criteria were not used sequentially, nor 
objectively; so the overlap which eventually appeared between groups on 
these distributions was high. 

Inasmuch as the initial placements in the five curricular groups were 
not systematic, the differences betr^een the groups in terms of their general 
verbal and quantitative abilities were unknoim. Analysis of variance and 
covariance procedures were employed to study the extent of the variations 
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Scaled score totals 

GRAPH OF MEANS AND S.D.'S OF COOPERATIVE 
MATHEMATICS TEST FOR FIVE CURRICULA GROUPS 
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Summary Statistics for Orleans Geometry Prognosis Test 
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Raw Score Totals 

GRAPH OF MEANS AND S.D.'S OF ORLEANS GEOMETRY 
PROGNOSIS TEST FOR FIVE CURRICULA GROUPS 



Summary Statistics for the Differential Aptitude Test 
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Raw Scores 

GRAPH OF MEANS AND S.D.'S OF DAT NUMERICAL 
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Table 12 



Summary Statistics for the Final Grade 
Received in 8th Grade Mathematics 



Group 


N 


Mean 

Grade 


S.D. 


Total Group 


472 


1.6 


.83 


Boys 


225 


1.5 


.83 


Girls 


247 


1.6 


.83 


UICSM 


34 


2.6 


.54 


Algebra 


129 


2.0 


.79 


l^thematics 9X 


90 


1.5 


.61 


Mathematics 9A 


125 


1.3 


.70 


Mathematics 9U 


93 


1.0 


.64 










in verbal and mathematical aptitudes among the five groups. Table 13 
indicates the result of the '' '■'^'lance analysis of the SCAT Verbal subtestf* 



; \ble 13 

Analysis of Variance of the SCAT Verbal Scores 



Variance 


D.F, 


Sum or 
Squares 


Mean 

Square 


F 


Hypothesis 


Among Groups 
Hithin Groups 
Total 


5 

870 


50343.00 

147332.00 


10068.60 

169.34 


59.45 


rejected 


875 


197675.00 


225.91 







Hie F ratio of 59.4 (5 and 870 d.f.) indicates a significant variation in 
verbal .abilities among the five groups. This t/ould be anticipated since 
the initial grouping was partly based on the SCAT Total scores. This 
analysis 9 however, was preliminary to the covariance analyses. Ideally, to 
assess the influence of mathematics aptitude on mathematics achievement, 
it would be desirable for the groups to be initially equal in verbal abil- 
ities. Since this does not occur in the natural setting, statistical proce- 
dures are employed, i.e., analysis of covariance, to determine the extent of 
the variation in mathematical traits, independent of the differences in 
verbal abilities. 

Table 14 presents the t tests for the significance of group differences 

Table 14 

Comparison of Performance on the SCAT 

Verbal Subtest by Curricular Groups _ 

Mean' Signifi- 



Groups 






% Difference 


t 


cance 


UICSM v\- Algebra 




34 


124 


16.94 


4.65 


P 


<.01 


UXCSM vs Mathematics 9X 




34 


92 


23.71 


6.55 


P 


<.01 


UICSM vs ^thematlcs 9A 




34 


126 


31.73 


8.79 


P 


<.01 


UICSM vs Mathematics 9U 




34 


91 


41.04 


11.37 


P 


<.01 


Algebra vs Mathematics 9X 




124 


92 


6,71 


5.21 


P 


<.01 


Algebra vs Mathematics 9A 




124 


126 


14.79 


11.46 


P 


<.01 


Algebra vs Mathematics 9U 




124 


91 


24.20 


19.36 


P 


<.01 


Mathematics 9X vs Mathematics 


9A 


92 


126 


8.02 


6.57 


P 


A 

• 

O 


Mathematics 9X vs Ilathematics 


9U 


92 


91 


17.43 


14.29 


P 


<.01 


Mathematics 9A vs Mathematics 


9U 


126 


91 


9.41 


7.84 




<.01 
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on the SCAT Verbal subtest* The five adjacent groups differed signifi- 
cantly from each other in their verbal intelligence* 

The analysis of variance among the five groups on the STEP Mathematics 
scores is indicated in the original analysis in table 15* The F value of 

Table 15 



Analysis of Variance of STEP Mathematics Scores of 
the Five Curricular Groups -Original and Adjusted 
Sums of Squares and Mean Squares 







Original Analysis 




Adjusted Analysis 


Variance 


DF 


Sum of 
Squares 


Mean 

Square F 


DF 


Sum of 
Squares 


Mean 

Square F 


Among 

Groups 


5 


54671*50 


10934.30 


5 


11104.74 


2220*94 


Within 

Groups 


870 


110877.00 


85.79 

127.44 


869 


71810.53 


26.87 

82.63 


Total 


875 


165548.50 


189.19 


874 


82915*38 


94.86 



. 85*79 (5 and 870 d.f*) indicates a significant variat.^.on among groups. The 
adjusted analysis, in t^hich the original sums of squares is adjusted for 
initial differences in verbal ability, yielded an P value’ of 26*87* Obvi- 
ously a significant variation in mathematics achievement still remains among 

» 

the group* The t tests for the group mean differences disclosed that sec- 
tions differed in their levels of prior mathematics achievement* The t 
tests for the group mean differences are shotai in table 16* Inasmuch as 
the STEP l^thematics subtest scores were used as one of the criteria for 
placement the intergroup differences were expected* The original and 
adjusted mean differences on the Orleans Geometry Prognosis Test are 
sho^7n in table 17* Again, as anticipated, the variation among the groups 



Table 16 



Coiq>arison of Performance on the STEP 

Mean Signifi- 



Groups 






»2 


Difference 


t 


cance 


UICSM vs Algebra 




34 


125 


11*52 


8.59 


p <.01 


UlCSM vs Mathematics 9X 




34 


92 


21*21 


10.93 


p <*01 


UIGSM vs Mathematics 9A 




34 


126 


27*61 


20.15 


p <*01 


UICSM vs Mathematics 9U 




34 


91 


39*63 


24.93 


p <*01 


Algebra vs I-lathematics 9X 




125 


92 


9*70 


10.37 


p <*01 


Algebra vs Mathematics 9A 




125 


126 


16*09 


16.19 


p <*01 


Algebra vs Mathematics 9U 




125 


91 


28*12 


21.97 


p <*01 


Mathematics 9X vs Mathematics 


9A 


92 


126 


6*40 


6.56 


p <*01 


Mathematics 9X vs t'lathematics 


9U 


92 


91 


18*42 


14.62 


p <*01 


Mathematics 9A vs Mathematics 


9U 


126 


91 


12.02 


9.18 


P <*01 



Table 17 



Analysis of T?ariance of Orleans Geometry Prognosis Test Scores of 
The Five Curricular Groups «Origlnal and Adjusted 



Original Analysis Adju sted Analysis 

Sum of Mean Sum of Mean 

Variance DF Squares Square F DF Squares S quare F__ 
Among 

Groups 5 U9211.01 29842.20 5 38375.14 7675.02 

77.34 26.83 

Within 

Groups 870 335672>70 385>83 869 24353 1.20 285.99 

Total 875 484883.71 554.15 874 286906 .35 328>26 



in the Geometry Prognosis scores is significant* The F values of 77*34 
and 26.83 in the two analyses indicated significant intergroup variance. 
The pattern of group mean differences disclosed by the t tests of signifi 
cance are presented in table 18* The five groups differed significantly 
from each other in their aptitudes as measured by the Orleans Geometry 



Prognosis Test* 
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Table 13 



Comparison o£ Performance on the Orleans Geometry 
Prognosis Test by Curricular Groups 



Groups 




“2 


Mean 

Difference 


t 


Signifi- 

cance 


UICSM vs Algebra 


33 


132 


16.79 


7.17 


P 


<.01 


UICSM vs Mathematics 9X 


33 


91 


30.57 


11,62 


P 


<.01 


UICSM vs Mathematics 9A 


33 


129 


50.62 


21.72 


P 


<.01 


UICSM vs Mathematics 9U 


33 


87 


57.25 


21.68 


P 


<.01 


Algebra vs Mathematics 9X 


132 


91 


13.78 


6.50 


P 


<.0l 


Algebra vs Mathematics 9A 


132 


129 


33.83 


19,54 


P 


<.01 


Algebra vs Mathematics 9U 


132 


87 


40,46 


13.99 


P 


<.01 


Mathematics 9X vs Mathematics 9A 


91. 


129 


20.05 


9.52 


P 


<.01 


Mathematics 9X vs Mathematics 9U 


91 


87 


26.68 


10.93 


P 


<.C1 


Mathematics 9A vs Mathematics 9U 


129 


87 


6.63 


3.13 


P 


<.01 



The F ratios for the original and adjusted analyses of variance on 



the Cooperative Hathematlcs Test distributions are shoim in table 19. 



Table 19 



Analysis of Variance of Cooperative Mathematics Test Scores of 
the Five Curricular Groups -Or igltial and Adjusted 







Original Analysis 






Adlusted Analysis 


Variance 


DF 


Sum of 
Squares 


Idean 

Square 


F 


DF 


Sum of 
Squares 


Mean 

Square F 


Among 

Groups 


5 


183964.84 


36792.96 




5 


40445.53 


8089.10 


Within 

Groups 


870 


310504.95 


356.90 


103.08 


869 


190492,85 


36.90 

219.20 


Total 


875 


494469.79 


565.10 




874 


230938.18 


264.23 



The variation in the adjusted sums of squares indicated that the group 
differences on the CME, independent of the variation in verbal abilities, 
were significant. The critical ratios presented in table 20 indicate 
that the five curricular groups differed significantly from each other 
uith respect to performance on the CI^, 



er|c 
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Table 20 



Comparison of Performance on the Cooperative 



Groups 


% 


«2 


Itean 

Difference 


t 


Signifi- 

cance 


UICSH vs Algebra 


34 


128 


24.72 


6.81 


P 


<.01 


UICSM vs Mathematics 9X 


34 


92 


45.44 


16.70 


P 


<.01 


UICSM vs Mathematics 9A 


34 


125 


55.36 


20.35 


P 


<.01 


UICSM vs Mathematics 9U 


34 


93 


71.80 


26.11 


P 


<.01 


Algebra vs ^lathematlcs 9X 


128 


92 


20.71 


12,59 


P 


<.01 


Algebra vs Mathematics 9A 


128 ^ 


125 


30.63 


18.64 


P 


<.01 


Algebra vs Itothematics 9U 


128 


93 


47.08 


27.69 


P 


<.01 


Mathematics 9X vs Idathematics 


9A 92 


125 


9.92 


7.12 


P 


<.01 


Mathematics 9X vs Itothematlcs 


9U 92 


93 


26.36 


18.06 


P 


<.01 


Mathematics 9A vs Mathematics 


9U 125 


93 


16.44 


14.52 


p 


<.01 



The variance and covariance of Algebra Prognosis scores are shovm 
in table 21. The adjusted analysis yielded an F value of 49.9, indicating 



Table 21 



Analysis of Variance of Orleans Algebra Prognosis Test Scores of 
the Five Curricular Groups -Original and Adjusted 

Sums of Squares and Mean Squares 







Original Analysis 






Adjusted Analysis 


Variance 


DF 


Sum of 
Squares 


Mean 

Square 


F 


DF 


Sum of 
Squares 


Mean 

Square F 


Among 

Groups 


5 


185208.93 


37041.70 




5 


63702.21 


12740.44 


Hithin 

Groups 


870 


305326.71 


350.95 


105.54 


869 


221443.85 


49.99 

254.82 


Total 


875 


490535.65 


560.61 




874 


285146.07 


326.25 



significant variation among the five groups in their algebra aptitude. 

The fc tests for Inttrgroup differences are presented in table 22. . The 
test of the mean difference between the UICSM and algebra groups indicated 
no significant difference in the algebra aptitude of these two groups. 
Significant differences appeared, hot/ever, between the other sections. 
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Table 22 



CoD^arison of Performance on the Orleans Algebra 



PrognoslsTes^b^^rr^ula^Gro^s 



Groups 




Ni 


N2 


Mean 

Difference 


t 


Signifi 

cance 


UICSH vs Algebra 




33 


132 


1.32 


*98 


P 


>.05 


UICSM vs Mathematics 9X 




33 


91 


21*77 


13.52 


P 


<*01 


UICSH vs Mathematics 9A 




33 


129 


36*77 


22*41 


P 


<*01 


UICSM vs Mathematics 9U 




33 


37 


56*06 


28.32 


P 


<*01 


Algebra vs Idathematics 9X 




132 


91 


20*46 


14*15 


P 


<*01 


Algebra vs I-lathematics 9A 




132 


129 


35*45 


24*03 


P 


<*01 


Algebra vs Mathematics 9U 




132 


87 


54*75 


29*59 


P 


<*01 


Mathematics 9X vs Mathematics 


9A 


91 


129 


14.99 


8*69 


P 


<*01 


Mathematics 9X vs l-lathematics 


9U 


91 


87 


34*29 


16*65 


P 


<*01 


Mathematics 9A vs Mathematics 


9U 


129 


87 


19.30 


9*28 


p 


<*01 



Factor Analyses of Aptitude Test Variables 

It \jas hypothesized that mathematical aptittxde is comprised of the 
folloi^ing specific abilities: 1) Numerical, 2) Abstract Reasoning, 3) Spa- 

tial Relationships, 4) logical Reasoning, and 5) ibol Manipulation* 

There was no intentional effort to obtain tests, nor to design tests that 
would be factor-pure* Such an approach (e«g», Peterson et al 1965) would 
insure their representation In the subsequent analysis* The question would 
still remain, however, as to whether the obtained factors would merely be 
constructs in a theory of intelligence, or actually represent mathematical 
aptitudes which could eventuate in mathematics achievement* In this study 
the decision was made to follow an empirical rather than a theoretical 
approach* It was decided to determine the structure of a battery of apti- 
tude tests of Iuio\m predictive validity rather than to use tests for which 
both the predictive and the factor validities are unknown* 

The intercorrelations of the 29 aptitude test variables are shown 
in table 23* The sub tests on the CMT, CAPT, and 06PT were also summed 
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to obtain total scores for each of these tests* The high correlations 
among the sub tests justified this reduction of the matrix of subtests* 

Ta^l’.es of the correlations of the 29 subtests in the CMT, QAPT, CGFE, 

SCAT, and DAT and of the total scores are included in the appendix, 
tables A through E* The matrices were factor analyzed, using principal 
components procedures* Various factor representations of the 29-variable 
matrix were examined, ranging from a seven-factor to a four-factor solution, 
with orthogonal rotations* Four factors were extracted from the 3-varlable 
matrix and orthogonal and oblique rotations were compared* The unrotated 
factor matrices are included in tables F & 6 in the appendix* 

The six-factor solution on the 29-variable matrix was selected for 
interpretation and for the prediction of mathematics achievement* The 
four-factor solutions of the 29-variablc and «3-varlable matrices are 
also compared in the text of this report* The rotated factor matrices for 
the seven-and five-factor solutions are included in tables H & I in the 
appendix* 

The results of the six-factor solution are shorai in table 24* Factor 
I is identified as a logical reasoning factor in geometry aptitude* It 
is defined by the Axioms, Reading Angles, Bisection, Geometric Notations, 
Geometric Problems and Summary Subtests of the Geometry Prognosis Test. 

The Problems subtest of the Algebra Prognosis Test also received its highest 
loading on this factor* The minor differences its the loadings for this 

subtest on facto.. I (*52), factor IV (*46), and factor III (*43) may be 

% 

due to error* Since there are only two items on the Problems subtest 
its capriciousness across factors might be best explained by unreliability. 
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The highest loading on the first factor, however, might be due to several 
reasons, for example, 1) a slightly higher level of difficulty, 2) the 
items can be solved through the use of logical reasoning, or 3) the item 
contents are geometric progressions# The first factor in the principal 
axis solution typically has the highest eigenvalue and accounts for the 
major portion of the variance. Inasmuch as the first factor was associated 
with more than 50% of the variance it might be Interpreted as a general 
factor. The Xavi loadings from the SC/^T Quantitative, STEP Mathematics, 

DAT Abstract, and some of the Algebra Prognosis subtests oppose a general 
factor Interpretation, however. 

Factor XI is defined by the SCAT Quantitative and STEP Mathematics 
subtests. The original intention for Including the STEP Mathematics 
Achievement subtest in the analyses was that it might serve as a marker 
variable an d identify achievement components in the prognosis sub tests. 

If it functioned in that manner, however, it did so only for the SCAT 
Quantitative subtest. In view of the high correlation between the ti^o 
subtests (.954) it seems difficult to reconcile that one is named an abil- 
ity test and the other an achievement test. The lov? loadings of the other 
27 variables on this factor serve to clarify it as a SCAT-STiiP instrument 

factor. 

The third factor is defined by the four sub tests of the Mathematics 
Placement test and the DAT Numerical Aptitude subtest. The secondary load- 
ings from other arithmetic-type subtests aid in identifying this factor 
as arithmetic aptitude. It might be described more specifically as the 
ability to learn and to apply principles of arithmetic. 
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The fourth^ factor is defined by the subtests in the Algebra Prognosis 
Test and by two subtests of the Geometry Prognosis Test, Kinds of Angles 
and Complimentary-Supplementary Angles* In spite of the OGPT variable 
loadings, it is identified as algebra aptitude* The two geometry sub tests 
involve the symbolic representation of angles* The failure of the DAT 
Abstract Reasoning variable to receive its primary loading on this factor 
was contrary to the initial hypotheses* One of the possible reasons is 
that the algebra aptitude factor is more heavily weighted with symbol- 
manipulation ability than with abstract reasoning* 

The fifth factor is defined by the DAT Abstract. Reasoning and Spatial 
Relationship variables* The correlation between the two sub tests of *63 
observed in this study is somewhat higher than reported in the test stan- 
dardization* Similar to factor II, one possible interpretation is that 
this is also an instrument factor* Adjacent subtests in the same battery 
often load tTn the same factor because the subtests are taken sequentially. 
The loading for the DAT Numerical variable is a tertiary loading so txfo 
mathematical aptitudes are actually reflected in the three sub tests* In 
defining the fifth factor it appears more logical to conclude that the 
Space Relations subtest required abstract reasoning abilities rather than 
presume that the Abstract Reasoning subtest required spatial abilities* 

None of the other variables showed secondary loadings on this factor, so 
its identification resides in these two sub tests* Again, the initial 
hypothesis about abstract reasoning and spatial relationship as independent 
factors was not supported* 

The sixth factor is primarily defined by one subtest in the OGPT, 
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Understanding Geometric Relationships* Although this variable had a 
secondary loading on the first factor, the sixth factor appears to be a 
test-specific factor^ The Geometry Prognosis subtests were distributed 
on three of the s^ix factors whereas the other test batteries tended to 
load on one factor* The point of view that mathematical aptitudes are a 
heterogeneous set of specific abilities may be more evident in the case 
of geometry aptitude than for algebra* 

The six factors in this solution were associated with 77% of the 
variance in the matrix* The use of factor scores for the predictioii of 
mathematics achievement is therefore con^licated by the fact that 23% 
of the aptitude variance is residual* The additional factor in the seven- 
factor solution Increased the variance association by less than 2%« 

Although the six factors obtained on this analysis were used in the 
regression analyses this does not represent the most parsimonious solution* 
Three other analyses were carried out* The correlations of the eight test 
variables are shown in table 25* A four- factor solution was then obtained 
for the eight -variable correlation matrix as shown in table 26* 

Table 25 



Correlations of the 8 Mathematical Aptitude Variables 



STEP M 


CM! 


CAPT 


0 

OGPT 


DAT NA 


DAT AR 


DAT SR 


SCAT Q .9544 


.3993 


.3919 


.3788 


.4574 


.4254 


.4135 


STEP M 


.3934 


• 3828 


.3803 


.4367 


\l4235 


.4247 


CMT Total 




.6875 


.7135 


.7433 


.5379 


•6060 


CAPT Total 






•8465 


.7963 


.6066 


.6265 


OGPT Total 








.7299 


.5640 


.6331 


DAT NA 










.6787 


.6652 


DAT AR 












.6339 


DAT SR 
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Table 26 



Hathenatics Test Variables and Factor Loadings 
on the Rotated Factor Matrix* 



Variables 


1 


II 


III 


IV 


h2 


SCAT Q 


-202 


-951 


241 


102 


977 


STEP M 


-188 


-952 


131 


130 


977 


CMI Total 


-772 


-198 


342 


104 


765 


CAPT Total 


-870 


-170 


183 


225 


870 


OGPT Total 


-879 


-169 


087 


270 


883 


DAT NA 


-749 


-234 


418 


202 


833 


DAT AR 


-374 


-215 


839 


253 


955 


DAT SR 


-428 


-210 


286 


822 


987 


Eigenvalues 

Cumulative 


5.033 


1*319 


.522 


.374 




Proportion of 
Total Variance 


.629 


.794 


*859 


.90S 





*Oecitnals are omitted 



The test-specific factors vhich appeared for the Cooperative Mathe- 
matics and the Orleans tests in the 29 variable analysis x^ere not maintained 
in this analysis* The first factor in this analysis appears to be a 
general factor, and was defined by the Cooperative Mathematics, Algebra 
Prognosis, Geometry Prognosis and the DAT Numerical Abilities tests* The 
intercorrelations of these tests ranged from *56 to *84* Factor I was 
associated with 63% of the variance in the matrix* 

The second factor, the SCAT Quantitative-STEP Mathematics factor 
was maintained as in the 29 variable analysis* The moderate correlation 
between the SCAT Quantitative and the DAT Numerical Abilities tests 
(r » *45) raises a question about their content* Obviously the traits 
assessed by the DAT Numerical Abilities and the Cooperative I4athematics 
Placement tests are essentially different from the traits assessed by 
the SCAT Quantitative sub test* Inasmuch as any one of these tests may 



28 



be used for grouping students in mathematics courses the question about 
their Independent variance (80%) represents an Important problem for 
curriculum guidance* 

The third factor is defined by the DAT Abstract Reasoning Test. 

The correlations of the Abstract Reasoning Test with the Cooperative 
llathematlcs snd with the Algebra Prognosis Test were both around .60; 
however, it shared more of the variance in the Cooperative Mathematics 
Test than In the Algebra Prognosis Test. 

The fourth factor is the DAT Space Relations subtest. The correla- 
tion of the Geometry Prognosis with the Space Relations test scores was 
*63; hotjever, the loading for the Geometry Prognosis variable on this 
factor was only ,27. Evidently geometry aptitude, as assessed by the 
Orleans Prognosis Test at this age level does not involve as much spatial 
ability as may generally be assumed as essential to geometry. The four 
factors were correlated with more than 90% of the variance in the eight- 
variable correlation matrix. 

“Riyo other four-f actor solutions were obtained for the 29 variable 
matrix. The. first solution was a principal components analysis with an 
orthogonal rotation using varimax procedures. The second solution was 
also a principal components analysis with an oblique rotation, using 
Harris & Kaiser's (1964) orthogonal transformation procedures. 

The varimax rotation of the four principal axes is shovm in table 27. 
The first factor is the algebra aptitude factor, defined primarily by 
the Orleans Algebra Prognosis Test. One of the Geometry Prognosis sub- 
tests, Kind of Angles, also showed a primary loading on this factor. 







Mathematics Test Variables and Loadings on the Rotated Factor Matrix* 
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Varlables T^hich showed high secondary loadings were the Complementary 
and Supplementary Angles subtest in the OGPT and the Numerical^ Abstract 
Reasoning and Spatial Relations subtests of the DAT. 

The second factor which consistently appeared in the various analyses 
was the SCAT Quantitative-STEP Mathematics factor. The third factor was 
defined by the Cooperative Mathematics Placement sub tests and the DAT 
Numerical, Abstract Reasoning and Spatial Relationship variables. This 
was identified as the arithmetic aptitude factor in the six- factor 
solution. 

The fourth factor is identified as the geometry aptitude factor and 
is defined primarily by the Geometry Prognosis sub tests and by the Problems 
subtest of the Algebra Prognosis Test. This factor appears as the first 
factor in the six-factor solution. A major difference in the four-factor 
solutions for the 29-and 8-variable matrices appears in the fourth factor. 
In the 29 variable analysis the Spatial Relations subtest loads on the 
third factor and is interpreted as an aspect of arithmetic aptitude. In 
the 8-variable matrix this subtest identifies the fourth factor and is 
interpreted as a specific aptitude. 

The variable loadings for the oblique rotation of the four factors 
are shown in table 28. The variable loadings on the four factors are 
generally lower, A slight change also appeared in the primary loading 
for the Complementary and Supplementary Angles subtest. The factor corre- 
lations are shotm in table 29. 

The transformation matrix for the oblique rotation is shown in 
table 30. As indicated in table 29 three of the factors are highly 
correlated, I with III, I with IV and III with IV, whereas factor II is 



er|c 



Table 28 



Oblique Rotation of Four Mathematics Aptitude Factors* 



Variables 



SCAT Quantitative 
STEP Matbematics 
CKT Skills 

CMT Facts, Terms & Concepts 

CMI Applications 

CMT Appreciation 

OAPT Arithmetic Test 

OAPT Substitution in Honomials 

OAPT Use of Exponents. 

OAPT Meaning of Exponents 
OAPT Substitution in Monomials 
with E3q>onents 

OAPT Substitution in Binomials 
with E3q>onents 

OAPT Representation of Relations 
OAPT Positive and Negative Numbers 
OAPT Problems 

OAPT Addition of Like Terms 
OAPT Summary Test 
0@PT Axioms 
OGPT Reading Angles 
OGPT Kinds of Angles 
OGPT Complementary and Supplementary 
Angles 

OG]^ Understanding Geometrical 
Relationships 
OGPT Bisection 
OGPT Geometrical Notation 
OGPT Geometrical Problems 
OGPT Suimary Test 
DAT Numeilcal Ability 
DAT Abstract Reasoning 
DAT Space Relations 
*Declmals are omitted 



Factors 

I II III IV 



-056 


818 


065 


-051 


-058' 


846 


049 


-058 


052 


-030 


520 


091 


041 


020 


421 


006 


-154 


-117 


598 


-033 


-118 


-081 


567 


-007 


310 


-030 


068 


-043 


577 


135 


-095 


102 


580- 


136 


-082 


172 


521 


017 


000 


075 


528 


-016 


013 


113 


360 


-059 


006 


099 


304 


-059 


086 


-057 


372 


006 


037 


-044 


162 


-148 


154 


-165 


260 


-107 


085 


-128 


353 


-073 


081 


-061 


004 


-009 


-019 


-410 


098 


001 


-032 


-334 


264 


052 


-043 


-178 


232 


023 


-000 


-215 


014 


010 


-001 


-274 


114 


-037 


064 


-461 


026 


050 


-030 


-369 


077 


010 


000 


-410 


007 


-021 


007 


-428 


186 


023 


339 


034 


161 


117 


259 


057 


055 


101 


242 


-080 
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only slightly correlated with the others. The oblique rotations yielded 



Table 29 



Correla tions of the Oblique Axes 

II III IV - 

.37 . 76 -.32 

.40 -.29 

— -.81 



Table 30 



Factors 

I 

II 

III 



I^nsformatj^on Matrijc^^forjthe^^b^^ ueRfttati^* 



Factors 


I 


II 


III 


IV 


I 


237 


044 


156 


-151 


II 


044 


890 


051 


306 


* III 


-875 


054 


670 


-224 


IV 


418 


450 


723 


912 


decimals omitted 



essentially the same information as the orthogonal solutions. ■ 

The correlation of aptitude factors may have some meaning for the 
theory of mathematical abilities. If the specific mathematical aptitudes 
develop unevenly during the course of adolescent mental development, then 
the trait correlations would be expected. Longitudinal research will be 
necessary, however, to obtain more conclusive data about the develoi;>ment 
of mathematical abilities. Canonical correlations of factor matrices at 
succeeding age levels may also provide some information on this problem. 

The latter approach, however, would require comparable groups at each 
age level. 
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Although the various factor aaalysesi in this study yielded consistent 
results the differences between obtained and- hypothesized factors requires 
further discussion* appearance of instrument factors, e«g«, SCAT 
Quantitative and STEP Hathematics Achievement, laay have been partly due 
to their adjacency in the administration sequence* The time intervals 
which occurred between administrations of the SCAT-STEP, the OAPT-OGPT, 
and the DAT would tend to produce more independence of such results, 
whereas the adjacency of subtests xfithin batteries would influence their 
higher intercorrelation.' The alternation of sub tests from several bat-s 
teries, although an inconvenient procedure, may need to be employed to 
minimize the appearance of instrument factors* 

Because of the delineation of test batteries in the factor structure 
none of the factors were interpreted as group factors* The group factors 
which appeared in Oldham’s (1933) and TJrigley’s (1958) analyses may have 
been due to the inclusion of performance tests with ability tests* It 
is not unreasonable that performance in- a later course, e*g*, geometry^ 
requires the application of prior mathematics achievements; but the 
performance should then be identified as ccmiposite performance rather 
than geometry achievement. The questions of general factors vs* specific 
and group factors, and the correlations of factors in mathematical apti- 
tude need further study, since the answers to such questions can have 
important implications for the structuring of mathematics curricula* 

Multiple Regression Analyses 

Multiple regression analyses were performed to predict each of the 
various criteriar teacher assigned stanine scores, final grades in ninth 
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grade mathematics y and achievement test scores for each of the five 
curricular groups* The means and standard deviations were computed for 
the criterion rteasures. These statistics are shoim in tables 31 through 
35* Final grades and stanine scores for the total class are in table K 

I 

Table 31 



Summary Statistics of Criterion Measures For 
UICSM Curricular Group 



Criterion 




Total 






Boys 






Girls 






Mean 


S.D. 


N 


Mean 


S.D. 


N 


Mean 


S.D. 


Final 

Grade 


33 


2*6 


.78 


19 


2.6 


CO 

o 

* 


14. 


2.6 


.92 


Stanine 


Score ' 


33 


5.0 


1.89 


19 


5.0 


1*87 


14 


5.1 


1.99 


UICSM 
Final Exam 


29 


18*2 


3.18 


17 


18.4 


3.60 


12 


10.0 


2.40 



Table 32 

Summary Statistics of Criterion Measures For 



_ the Algebra Curricular Group 


Criterion 




Total 






Bovs 






Girls 




N 


Mean 


S.D. 




Mean 


S.D, 


M 


Mean 


S.D. 


Final 

Grade 


130 


2*2 


.87 


66 


2*2 


.87 


64 


2.1 


.88 


Stanine 

Score 


130 


4.9 


1.87 


66 


4.8 


1.76 


64 


5.0 


1.99 


Cooperative 
Algebra Test 
Raw Scores 


130 


31.3 


5.60 


66 


31.7 


4.78 


64 


30.9 


6.36 



of the appendix* Regression analyses were first computed using the 
29 mathematical aptitude and achievement variables as predictors* 
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Tabic 33 



Summary Statistics of Criterion Measures 
for Mathematics 9 X 

mmtm ^ ■ ■ ■ ap— ■ ■■ 



Criterion 




Total 






Boys 






^ •• 

Girls 


• 


N 


Mean 


S.D. 


N 


Mean 




N 


Mean 


S.D. 


Final G'rade 


93 


2.5 


.95 


33 


2.6 


.r?8 


55 


2.4 


.99 


Stanine Score 
SSA Arithmetic 
Achievement 


91 


5.0 


1.85 


37“ 


4.8 


1.77 


54 


5.2 


1.39 


Test-Fart 1 


88 


29.7 


6.82 


36 


30.2 


6.59 


52 


29.4 


7.02 


SEA Part 2 


37 


24.8 


3.64 


36 


25.5 


3.18 


51 


24.3 


3.90 


SEA Part 3 


37 


38.4 


5.71 


36 


38.5 


4.27 


51 


38.3 


6.58 


SEA Total 


87 


93.0 


13.23 


36 


94.2 


10.71 


51 


92.1 


14.79 





Table 34 

Summary Statistics of Criterion Measures 
for Mathematics 9A 






- “ 


Criterion 




Total 






Boys 






Girls 






N 


Mean 


S.D. 


N 


Mean 


S.D. 


M 


Mean 


S.D. 




Final Grade 


123 


1.8 


.92 


50 


1.3 


.96 


73 


1.8 


.90 




Stanine Scores 
SEA Arithmetic 
Achievement 


127 


5.1 


1.38 


54 


4.9 


1.97 


73 


5.2 


1.81 




Test-Part 1 


120 


24.1 


7.16 


50 


25.2 


8.03 


70 


23.2 


6.39 




SEA Part 2 


122 


20.8 


5.28 


51 


21.1 


5.85 


71 


20.6 


4.87 




SEA Part 3 


i22 


35.4 


7.85 


51 


34.8 


9.53 


71 


35.9 


6.40 




SEA Total 


120 


80.3 16.74 


50 


81.0 19.65 


70 


79.9 


14.45 







Table 35 

Summary Statistics of Criterion Measures 
for I^athematics 9U 








Criterion 




Total 




Boys 




Girls 






N 


Mean 


S.D. 


N 


Mean S.D. 


M 


Mean 


S.D. 




Final Grade 


83 


1.4 


.35 


43 


1.5 .82 


40 


1.2 


.87 




Stanine Score 
SEA Arithmetic 
Achievement 


86 


4.9 


2.09 


48 


5.0 2.16 


38 


4.7 


2.02 




Test-Part 1 


78 


17,7 


9.54 


45 


18.5 li.43 


33 


16.6 


6.09 




SEA Part 2 


78 


14,7 


5.21 


45 


15.4 5.25 


33 


13.9 


5.13 




SEA Part 3 


78 


24.5 


3.59 


45 


24.5 8.83 


33 


24.6 


8.40 




SEA Total 


78 


56.4 


17.41 


45 


57.0 17.47 


33 


55.5 


17.55 





ERIC 



Regfessicn equations were then obtained £roni stepwise multiple regression 
analyses of the same 29 independent variables. Following this, multiple 
regression analyses were computed using the 6 factor scores for the 
independent variables; and stanines, grades and achievement test scores 
for dependent variables. To test the hypothesis that specific mathema- 
tical aptitudes have greater predictive validity for achievement than a 
test of general scholastic aptitude, regression analyses were carried out 
to predict each of the dependent variables from the SCAT Total scores. 

Predictions of Stanine Scores 

The correlations of the mathematical aptitude tests and teacher 
assigned stanines for the five curricular groups are shewn in table 36. 

Stepwise multiple regression analyses were performed to predict 
teacher-assigned stanine scores, final grades in ninth grade mathematics 
and achievement test scores for each of the five curricular groups. 

The equation for the prediction of stanines for the UICSM class was 

Y * .lOX^ -{- .16 Xx 6 - 3iai 

in which X^ is the SCAT Quantitative subtest^ and Xjg is the ninth sub test 

of the Orleans Algebra Prognosis Test— addition of like terms. The 
multiple correlation coefficient of predicted and actual values for the 
UICSM groups was .99; and 99 per cent of the variance in the stanine 
scores was accounted for in the analysis. The high correlation could 
have occurred because of contamination of the teacher-assigned stanines 
by the test scores, and because of the smaller sample. The SCATl?uanti- 
tative subtest accounted for 31 per cent of the variance in the stanines. 
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The F value from the analysis of variance for the multiple linear regres- 
sion uas 14«69« (d«f.j; 29, 3; .01 <p <*05) 

' • The stepvjise multiple regression ei^uation for the prediction of 
stanines for the algebra group uas 

Y ~ -2.24X9 + .29Xi7 •^7^21 

in which X9 is the OAFT Use of Exponents, Xj^j^ is the OAFT Substitution 

in Monomials with Exponents, is the OAPT Positive and Negative 
Numbers, Xj^y is the OAFT Summary test and X21 is the OGPT Complementary 

and Supplementary Angles. Each of these variables is included in Factor 4 
of the factor analysis. The multiple correlation coefficient of. predicted 
and observed stanine scores from the 29 predictor variables was .72; and 
52 per cent of the variance was accounted for by .the regression. The 
OGPT subtest on Coiiq>lementary and Supplementary Angles contributed 17 
per cent to the variance. The analysis of variance for the multiple 
regression yielded an F value of 3.47 indicating significant linearity, 
(d.f.: 29, 90; p <.01) 

Prediction of the teacher assigned stanines in the stepwise multiple 
regression for Mathematics 9X students resulted in the follox^ing equation. 

Y * .08X3 + .31X^1 + . 08 X ^5 + .16X3^5 + .08X27 " 
in which X3 is the CMT Skills subtest, X^j is the OAPT Substitution in 

Monomials, Xj^^ is the OAPT Problems, Xj^g is the OGPT Reading Angles 

and X27 is the DAT Numerical Ability. The multiple correlation coefficient 

was .71 resulting in a coefficient of determination of .51. The DAT 
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Numerical Ability subtest accounts for 20 per cent of the variance. The 
F value from the analysis of variance for multiple linear regression was 
2.18, indicating significant variation due to linear regression, (def., 29, 

60; p <. 01 ) 

The stepwise multiple regression equation predicting stanines for 
the Mathematics 9A students was 

Y = .llXg + .23Xg + *15X27 + .23 

in which Xg is the CMT Appreciations subtest, Xg is the OAPT Substitution 

in Monomials, and X 27 is the DAT Numerical Abilities. The multiple 
correlation coefficient of actual and predicted* values was #71, and the 
coefficient of determination was .51. The DAT Numerical Abilities sub tent 
accounted for 30 per cent of the variance. The analysis of variance for 
the multiple linear regression yielded an F value of 3.25 indicating 
significant variation due to linear regression, (d.f. : 29, 90; p<. 01 ) 

For the prediction of stanines for Mathematics 9U students the 
stepwise multiple regression equation was 

Y == . 13 X 3 -!- . 44 X 23 • *^ 0 X 34 + . 14 X 27 •05X28 ■+ 

in which X 3 is the CMT Skills subtest, X 23 is the OGPT Bisection, X 24 

is the OGPT Geometrical Notation, X 27 is the DAT Numerical Abilities and 

X 28 is the DAT Abstract Reasoning. The multiple correlation coefficient 

was .79, and 63 per cent of the variance was accounted for in the analysis. 
The DAT Numerical Abilities subtest accounted for 30 per cent of the 
variance. The F value was 2.73. (d.f,: 29, 45; p <.01) 
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The predictor variables i^7hlch uere selected in each of the stepwise 
regression analyses are shown in table 37. 

Table 37 



Prediction of Teacher Assigned Stanines For Each Gurricnlar Group 



Group 


Criteria 


Stepwise Predictor Variables 


UICSM 


Stanine Scores 


SCAT Quantitative 

QAPT Addition of Like Terms 


Algebra 


Stanine Scores 


OAPT Use of Exponents 
OAPT Substitution in Monomials with 
Exponents 

OAPT Positive & Negative Integers 
OAPT Summary Test 

OGPT Complementary & Supplementary 
Angles 


Mathematics 

9X 


Stanine Scores 


air Skills 

CAPT Substitution in Monomials Tjith 
Exponents 

OAPT Problems > 

OGFT Reading Angles 
DAT Numerical Ability 


Mathematics 

9A 


Stanine Scores 


air Appreciation 

OAPT Substitution in Monomials 

DAT Numerical Ability 


Mathematics 

9U 


Stanine Scores 


CMT Skills 
OGPT Bisection 
OGPT Geometrical Notation 
DAT Numerical Ability 
DAT Abstract Reasoning 
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Prediction of Achievement Test Scores 

The correlations of the nathematical aptitude scores with the achieve- 
ment test criteria for the five curricula groups are presented in table 38* 
Multiple regression analyses were again carried out, using the 
appropriate achievement tests as criterion measures. The stepwise multiple 
regression equation predicting achievement on the UICSM final examination 
was 

Y = 1.66X22 

where X22 is the OGPT Understanding Geometrical Relationships subtest. 

This subtest defines the sixth factor in the correlation analysis of the 
predictor variables. The multiple correlation coefficient from the analysis 
of the 29 aptitude scores was .96, and the coefficient of determination 
was .92. Nine per cent of the variance was accounted for by the CGPT 
subtest. The F value was 1.64. (d.f.: 29, 3; p> .05) The equation 

t * * 

predicting scores or the Cooperative Algebra Test for the algebra group 
was 

Y = 2.27Xij^ 1.39X14 1«09Xi7 + .^ 8X19 + .85X21 - 10.65 

in which Xu is the OAPT Substitution in Monomials with Exponents, X14 

is the OAPT Positive and Negative numbers, X^ is the OAPT Summary test, 

X19 is the OGPT Reading Angles, and X21 is the OGPT Complementary and 
Supplementary Angles. The multiple correlation coefficient, of the 
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predicted and actual values was .75, and 56 per cent of the variance 
was accounted for in the analyses. The OkVT Substitution in Monomials 
with Exponents stibtest accounted for 27 per cent of the variance. The 
F value from the analysis of variance for the multiple linear regression 
was 4.08 indicating significant variation due to linear regression. 

(d.f.: 29, 90; p<.01) 

The liathematics Achievement Test for grades 6-9, Form A, was used 
as the test criterion in the 9X, 9A, and 9U groups. Tlie stepi^lse multiple 
regression equation for Mathematics 9X was 
Y » 2.34Xg -J- 8.93X^ - 1.19X23 

in which X^ is the CMT Appreciation sub test, X^ is the OAPT Use of 

Exponents subtest, and X22 is the OGPT Understanding Geometrical Rela- 
tionships. The multiple correlation coefficient was .67 and the coeffi- 
cient of determination was .45. Nine per cent of the variance t/as 
accounted for by the CMT Appreciation subtest. The analysis of variance 

for the multiple linear regression yielded an F value of 1.7026. (d.f,: 2:?, 

60; .01<p<.05) 

The regression equation for Mathematics 9A, predicting SRA Achieve- 
ment test scores was 

Y = 3.40XJ7 + 2.04X27 **• 25.62 

in which X^y is the OAPT Summary test and X27 is the DAT Numerical 

Abilities subtest. The multiple correlation coefficient was .64, account- 
ing for the 41 per cent of the variance in the analysis. The DAT Nuraerf- 
cal Abilities sub test accounted for 20 per cent of the variance* An 
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F value of 2«X8 waf? obtalued from the analysis of variance due to 
regression, (d.f.i 29, 90; p <,01) 

The regression e<iuatioa for the Mathematics 9U students was 
Y » .37X2 + 1.40X3 • 2.71X24 -i’ 1.65X25 + 1.04X23 • 
in which X2 is the STEP Mathematics teat, X3 is the GMT Skills subtest, 
X24 is the 06PT Geometrical Rotation sub :est aiid X23 is the DAT Abstract 

Reasoning. The multiple correlation coef^Ticient of the predicted and 
actual values was .78 and the coefficient of determination was .61. 

The DAT Abstract Reasoning accounted for 28 per cent of the variance. 

Th« F value was 2.52. (d.f.: 29, 45; p<.01) 

®ie predictor variables which were selected in the stepwise analyses 
of achievement test scores for each curricular group are shown in 
table 39. 

The correlations of the aptitude variables with the final course 
grades for the five curricular groups are shown in table 40. 

Prediction of Final Grades 

The third criterion of achievement was the final grades from the 
mathematics classes. The stepwise multiple regression equation for the 
UICSM class was 

Y » .11X27 - 1.02 

where X27 is the DAT Numerical Abilities test. The multiple correlation 

coefficient of predicted and actual grades was .99, and the coefficient 
of determination was .98. Again, group size and contamination of cri- 
terion by predictor tests may be involved in this correlation. Forty 
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Table 39 



££gdlctlo^^fAciyLevg|n^JC|st^w^^h^Currlcu^^ 



Group 



UIGSH 



Algebra 



Hathematlcs 

9X 



Ilathematica 

9A 



Ilatheioatics 

9U 



Criterion 
UXCSH Final Exam 



Cooperative Algebra 
Test Level 1, Form A 



SEA Arithmetic 
Achievement Test for 
Grades 6-9, Form A 



SRA Arithmetic 
Achievement Test for 
Grades 6-9, Form A 



Stepwise Predictor Variables 
Understanding Geometrical 
Relationships 

OAPT Substitution in Monomials with 
Exponents 

GAFT Positive and Negative Numbers 
GAFT Sufinary Test 
OGPI Reading Angles 
OGPT Ccxoplementary and Supplementary 
Angles 

C!1T Appreciation 
OAFT Use of Exponents 
OGFT Understanding Geometrical 
Relationships 

GAFT Summary Test 
DAT Numerical Ability 



SRA Arithmetic STEP Mathematics 

Achievement Test for cm Skills 

Grades 6-9, Form A OGPT Geometrical Notation 

OGPT Geometrical Problems 
DAT Abstract Reasoning 
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per cent of the variance was accounted for by the DAT Numerical AbiXitics 
test* 'Ihe F value from the amilysis of variance for the regression was 
6.53. (d.f.: 29, 3; p >.05) 

7ihe stepwise regression equation for the algebra group, predicting 
final grades vas 

Y * .25Xu *{• . 21X^4 + .14Xi7 + .10X2i + .09X25 - 3.55 

in which X]^]^ is the QAPT Substitution in Honomials with Exponents, Xi^ is 

the GAFT Positive and Negative nuiobers, X^y is the CAFT Sumnary test, 

X21 is the OGPT Complementary and Supplementary Angles, X25 is the 06FT 

Summary test. The multiple correlation coefficient was *69, and 48 
per cent of the variance was accounted for in the analysis. The Summary 
tes of the 06FT accounted for 21 per cent of the total variance* The 
F value was 2.97 indicating significant variation due to linear regres- 
stion. (d.f.: 29, 90; p <*01) 

For the Mathematics 9X curricular group the stepwise multiple regres- 
sion equation predicting final grades was 

Y • .04X3 .16Xii *** •12X^4 +d3Xig - .30 

in which X3 is the CMT Skills subtest, X]^]^ is the OAFT Substitution in 

Monomials with Exponents, X^^4 is the OAFT Positive and Negative numbers, 

and Xj^5 is the OGPT Reading Angles. The multiple correlation coeffici<^.nt 

of predicted and actual grades was .74, and the coefficient of determi- 
nation was .55. Tlie analysis of variance for linear regression yielded 
an F value of 2.55 indicating linearity, (d.f.: 29, 60; p <*01) 

The stepfiise regression equation predicting final grades for 
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Mathematics 9A was 

Y » .02X1 -J- .14Xiy + .04X27 • 

In which Xj is the SCAT Quantitative » Xj^y is the Summary test of the 

OAPT and X27 is the DAT Numerical Abilities test. The multiple correla- 
tion coefficient obtained from the analysis of the 29 variables against 
the criterion variable was , 65 » The F value was 2.28 indicating signifi- 
cant variation due to regression, (d.f.; 29, 90; p <.01) In this analysis 
42 per cent of the criterion variance was accounted for in the analysis and 
17 per cent of the variance was accounted "'f or by the DAT Numerical Abil- 
ities. 

In predicting final grades for Mathematics 9U students, the stepv^ise 
^Itiple regression e<;uation was 

Y - .04X3 .06X27 + .03X20 - .36 

in which X3 is the CM! Skills subtest, X27 is the DAT Numerical Abilities 

f 

and Xijr^ Itf the DAT Abstract Reasoning. The multiple correlation coeffi- 
cient of predicted and observed grades was .79, and the coefficient of 
determination was ,62. iTie DAT Numerical Abilities sub test accounted 
for 32 per cent of the variance. The P value from the analysis of 
variance for the multiple linear regression was 2.62 indicating linearity, 
(d.f.: 29, 45; p <.0l) 

The predictor variables which were selected in the stepivise analyses 
for prediction of final grades is shotm in table 41, 

Chapter 4 has presented the major statistical findings of the study. 

The analyses of variance indicated the range of variation in the various 
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Table 41 



Prediction of 9th Grade Final Mathematics Grades 
For Each of the Curricular Groups 



Group 




Criterion 


Stepwise Predictor Variables 


UlCSM 




Final Grade 


OAT Numerical Ability 


Algebra 




Final Grade 


OAPT Substitution in Monomials 
with Exponents 

OAPT Positive and Negative Numbers 
OAPT Summary Test 
OGPT Complementary and Supplemen- 
tary Angles 
OGPT Summary Test 


Mathematics 9X 


Final Grade 


CMT Skills 

OAPT Substitution in Monomials 
with Exponents 

OAPT Positive and Negative Numbers 
OGPT Reading Angles 


Mathematics 


9A 


Final Grade 


SCAT Quantitative 
OAPT Summary Test 
OAT Numerical Ability 


Mathematics 


9U 


Final Grade 


CMI Skills 

DAT Numerical Abilities 
DAT Abstract Reasoning 



test score distributions among the five groups* The factor structure 
of the 29 aptitude subtests and of the eight aptitude test variables were 
interpreted* Finally^ the predictions of success on achievement tests 
and on grade criteria were confuted* A review of the hypotheses under 
Investigation, and a discussion of the findings will be presented in the 
folloi^ing chapter* 
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Chapter 5 

Suoimary and Discussion 

The major objectives for this study \iexe as follows: 1. to analyze 

the nature of mathematical abilities presented by incoming high school stu- 
dents, and 2« to predict their success or failure in various courses in 
the mathematics curriculum* Subjects for the study \ 7 ere the 1965-66 ninth 
grade students at R* L* Stevenson School in Honolulu, Hawaii* There was 
a total of 476 students enrolled in five mathematics courses, described 
in the appendix* Their placements in these courses were based on scores 
for the CMI, on grades received for eighth grade mathematics, and on Total 
scores for the SCAT* Instruments used in this study were the Cooperative 
Mathematics Placement Test, School and College Ability Test, Mathematics 
subtest of the Sequential Tests of Educational Progress, Orleans Algebra 
Prognosis Tests, Orleans Geometry Prognosis Tests, and the Numerical, 
Abstract Reasoning and Spatial Relations subtests of the Differential 
Aptitude Test Battery* 

Analysis of variance and covariance were used to study the extent of 
variations in verbal and mathematical aptitudes for the five groups* Anal- 
ysis of variance disclosed a significant variation in verbal abilities 
as measured by the SCAT Verbal subtest* Analysis of covariance procedures 
were then applied to determine the extent of variation in mathematical 
traits, independent of the differences in verbal abilities* Significant 
intergroup variations appeared on the CMT, the OAPT, the OGPT, and the 
STEP Mathematics tests* Graphs of the means and standard deviations of 
the aptitude tests Illustrated the hierarchy of mathematics abilities 
represented in the five courses* 
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The hypotheses under Investigation in this research are reviewed as 
follows: 

!• Mathematical ability is not a unitary trait, but rather is com' 
prised of a number of aptitudes such as numerical aptitude, abstract 
reasoning, and space-form perception* 

2* Specific mathematical aptitudes will hold greater predictive 
validity for achievement in various mathematics courses than will a test 
of general scholastic aptitude. 

3* Specific aptitudes such as algebra aptitude and abstract reason- 
ing will show greater predictive validity for algebra achievement than 
will other aptitude and achievement predictors* 

4. Numerical aptitude will hold greater predictive validity for 
arithmetic achievement than will other aptitude and achievement predictors* 
The subtest of the six tests were intercorrelated in a 29-variable 
matrix* Total scale scores were also correlated in an 8-variable matrix. 
The 29-variable and the 8-variable matrices were factor analyzed using 
principal-components solution with orthogonal and oblique factor 
rotations* A six-factor solution and two four-factor solutions were 
reported* The six- factor solution was interpreted as folloi-rs: I. Logical 

Reasoning, II* SCAT Quantitative-STEP Mathematics Instrument Factor, 

III* Arithmetic Aptitude, IV. Algebra Aptitude, V. Abstract Reasoning- 
Space Relations, VI* Geometric Relationships* 

The four-factor analysis of the 8-varlable matrix represented a more 
parsimonious solution; however, it may be less meaningful for the delinea- 
tion of specific aptitudes* The four factors were identified as follows; 

I. General Mathematics Aptitude, II* SCAT Quantitative-STEP Mathematics, 
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Ille Abstract Reasoning, IV* Spatial Relations* In the four- factor solutions 
the arithinetic end algebra factors collapsed on the first factor and the 
DAT Spatial Relations subtest was separated as a specific factor* 

The four-factor solution of the 29 variable matrix yielded quite 
different results* The first factor was a specific factor, algebra aptitude* 
The spatial relations variable loaded on the arithmetic factor, and the 
fourth factor x^as clearly a geometry factor* The loadings for the DAT 
Abstract Reasoning and Spatial Relations subtest on the same factor in 
the six-factor solution, and on different factors in the four-factor 
solution, create an interpretation difficulty* Obviously the problem lies 
in how the domain of mathematical aptitudes is defined rather than in the 
analyses* The factor analyses clearly supported the first hypothesis that 
mathematical ability is conq>rised of a number of aptitudes; but the nature 

of these aptitudes as specific and independent, or as correlated traits 
is still in question* 

Perhaps a better distinction should be made between specific intelli- 
gence factors and aptitudes for achievement in school subjects* Inasmuch 
as these are generally considered to be synonymous they were combined in 
this study* The subtests in the Orleans Prognosis Tests, however, can 
also be described as miniature achievement tests* It is presumed that 
the students Intellectual abilities are applied in the lessons preceding 
each subtest; and that the lessons are representative of learning demands 
X7hich the student will later meet in the course* Perhaps the predominance 
of the prognosis and placement tests in the domain under study led to the 
identifications of factors as subject aptitudes* The association of these 
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aptltudes with underlying intellectual factors was not as successful as 
anticipated for the study* Another approach to the problem then vx)uld be 

to use the mathematics prognosis tests as criteria and specific intelligence 
factors as predictors* 

Ihe predictions of success in the mathematics courses T^ere carried 
out using three different sets of predictors: 1, the 29- aptitude subtests, 

2. the six-factor scores, and 3. the SCAT Verbal and SCAT Total scores. 
Criteria of success in courses included teacher-assigned stanlnes, end- 



of-course achievement tests, and course grades. Comparisons of the cor- 
relations between predictors and criteria are shown in tables 42, 43 and 44. 



Table 42 




UICSM 
Algebra 
Math 9X 
Math 9A 



99 

72 

71 

71 



59 

53 

51 

58 



03 

00 

01 

11 



36 

17 

10 

07 




Table 43 




Multiple Correlation Coefficients Predicting Achievement Test 



UICSM 
Algebra 
Math 9X 



96 

75 

67 



.60 

.61 

.39 



38 

03 

ni 



02 

19 




ERIC 
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Table 44 



Multiple Correlation Coefficients Predicting Mathematics Final 



Grades from Various Independent Variables for Each Curricular Croup 



Group 


29 Aptitude Scores 


6 Factor Scores 


SCAT Verbal 


SCAT Total 


CICSM 


.99 


.54 


.10 


.27 


Algebra 


.69 


.55 


.02 


.21 


Math 9X 


.74 


.57 


.04 


.12 


Math 9A 


.65 


.46 


.08 


.25 


Math 9U 


.79 


.68 


.20 


.30 



The hypothesis that mathematical aptitude scores are superior to a 
general aptitude score for the prediction of mathematics achievement was 
tested using Fisher's Z test for the significance of the difference 
between correlation coefficients* The coefficients were converted to 
Zr's and the ratio of the difference between the Z^^'s to its standard 
error was confuted* The results for the comparison of the six-factor 
prediction and the SCAT Total prediction are shown in Table 45. 



Table 45 



Comparison of Correlation Coefficients of Six-Factor Scores 
^^^^^^^^^^^ScoTO^^^^^nd^f-Course Achievement Tests 

""" SCAT Total ~ 

6-Factor Scores Converted Score 



Group 


N 


r 


Fisher's Z-r 


r 


Fisher's Zr 


t 


P 


OIGSM 


33 


.60 


.69 


.02 


.02 


2.61 


< .01 


Algebra 


120 


.61 


.71 


.19 


.19 


3.97 


< .01 


Math 9X 


90 


.39 


.41 


.01 


.01 


2.68 


< .01 


Math 9A 


120 


.44 


.47 


.37 


.39 


.61 


> .05 


Math 9U 


75 


.62 


.73 


.48 


.52 


1.27 


> .05 



The six-factor scores were superior to the test of general scholastic 
ability for the predictions of course achievement in the UICSM, Algebra 
and Mathematics 9X groups. Although the differences in coefficients 
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appearing for the 9A and 90 groups favor the ate-factor prediction, the 
differences might be due to chance variations. 

The significance of the differences betueen the correlations of the 
29-aptltude scores and the SCAT Total score with the end-of-course tests 
were also tested. The Z^. and t values for these analyses are shown in 
table 46. The mathematical aptitude scores were significantly more effective 

Table 46 



Co>^lation Coefficients Predicting Ninth Grade 
Hathematics Achievement from the SCAT Total Converted 

Teat 




than the SCAT Total score in predicting mathematics achievement as measured 
by the end-of-course tests. 

It was hypothesized that algebra ^titude and abstract reasoning 
would show greater predictive validity for algebra achievement than would 
the other aptitude and achievement predictors. The best predictors of 
performance on the Cooperative Algebra Test, the criterion for course 
achievement, were the OAPT Substitution in Monomials (r = .52), and the 
OGPT Coiqillmcntary and Supplementary Angles subtest (r = .45). In the 
factor analysis of the aptitude variables both of these subtests received 
their major loading on the algebra aptitude factor. The same subtests 
also showed the highest correlations with the teacher-assigned stanlnes 








56- 



(r = *40 and .41 respectively)* Although the significance cf the difference 
between these and other correlation coefficients were not tested these 
data tend to support the hypothesis* The related hypothesis that abstract 
reasoning abilities would be an liig>ortant predictor of algebra success 

was not supported, however, in the case of the DAT Abstract Reasoning subtest* 

- 

The fourth hypothesis was that nuiaerical ability would hold greater 
predictive validity for arithmetic achievement than would other aptitude 
and achievement predictors* The data for the two arithioetic sections, 
Mathematics 9A and Mathematics 9U tend to siqtport this hypothesis* The 
best single predictor for the teacher- assigned stanines and for the SRA 
Arithmetic Achievement Test scores was the DAT Numerical Abilities Test, 

(r = *55 for stanines and r = ,45 for SRA Arithmetic)* For Mathematics 9U 
the Numerical Abilities subtest was the best single predictor for the 
teacher-assigned stanines* The best predictors for SRA Arithmetic scores 
in the 9U section were the DAT Abstract Reasoning (r « .53), and the DAT 
Numerical (r « *43)* Although the magnitude of these coefficients may 
not be significantly greater than some of the other coefficients, e*g, , 

SCAT Total, the evidence favors prediction from a specific aptitude test 
rather than general ability or achievement tests* 

Hypotheses about the predictors of success in the UICSM course were 
not stated* Also, the Mathematics 9X course was a coog)osite course in- 
volving basic algebra concepts and fundamental operations with sets of 
whole numbers and rational numbers* The Mathematics 9X course approached 
this through a geometrical approach, using concepts of area, and measurement.^ 
with application of manipulative skills* Without any prior knowledge of 
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the degrees of emphasis placed on algebraic concepts, geometric relation- 
ships, or symbol manipulation in the 9X course any hypotliesis about pre- 
dictors would tend to be simple conjecture. On the premise that the major 
en5>hasls in Hathematics 9X was number relations, and to obtain a criterion 
that would allow con^arisons of the 9X, 9A, and 9U sections, the SRA 
Arithmetic test was used as the criterion. 

The problem of selecting a suitable criterion for course achievement 
is also illustrated in the predictions for the UICSM course. The best 
predictors for the teacher-assigned stanines were the SCAT Quantitative 
and the OAPT Addition of Like Terms. The best predictor for the UICSM end- 
of-course test was OGPT Understanding. Geometric Relations suhtest. And 
the best predictor for course grades was the DAT Numerical Abilities test. 

The fact that algebra, geometry, and general mathematics concepts 
are incorporated in the course content of Mathematics 9X is reflected in 
the subsets of predictors for the various criteria. For the prediction 
of the SRA Arithmetic scores the CMT Appreciation, the OAGFT Use of Exponents 
and the OGPT Understanding Geometric Relationships subtest were the most 
effective predictors. The best predictors of final grades were the CMT 
Skill test, the OAPT Substitution in Monomials, the OAPT Positive and 
Negative Numbers, and the OGPT Reading Angles. These subtests, iTlth the 
addition of the OAPT Problems and the DAT Numerical Ability subtests were 
selected for the prediction of teacher-assigned stanines. The assumption 
that Mathematics 9X had a greater emphasis on arithmetic processes and 
number relations than on algebraic or geometric concepts was not supported 
in the regression analyses. The stanines and course grades criteria 
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required predictors dl££erent £roni those selected £or the erlthoetlc achieve- 
ment criterion* This Is an Indication that the stanlnes and course grades 
represent a broader range o£ achievement than the test criterion* To 
evaluate achievement in a composite mathematics course such as 9X it ix>uld 
probably be desirable to use tests idiich sao^le from the algebra and geometry 
content as well as from the arithmetic content* 

In the past year or two the distinction between modem and traditional 
mathematics has begun to decline* Perhaps the modem innovations have 
attained their purpose with the wider recognition of objectives such as 
conceptual understanding and the Icnowledge of principles* The organization 
of the curriculum on dual tracks, i*e#, modem vs* traditional courses can 
be critically questioned* Even before the evaluation of modem mathematics 
has been conq>leted some of the previously unrecognized values of traditional 
mathematics have become apparent* The organization of this curriculum 
appears now to be in a transitional state* Ifodem mathematics courses, 
identified by abbreviations for their origin are still appended to the 
previous curriculum* The term Mathematics is also used to Identify grade- 
level and remedial arithmetic coursei^ as well as composite courses x^th 
varied subject content* It is difficult to discern from the present situation 
whether subject oriented courses with modernization xd.ll prevail, or 
whether composite mathematics courses which cross subject boundaries xd.ll 
prove to be more popular* Perhaps before the questions pertaining to 
curriculum organization are resolved further information may be available 
about the nature of mathematical- learning abilities* 
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Description of Courges ^ 

The ninth grade curriculum at Stevenson Intermediate School included 
five different mathematics courses. These courses were UlCSM, Algebra 1-2, 
Hathsmatics 9X, Hathematiccf 9A and Mathematics 9U« 

In the DXCSM course emphasis is placed on the structure of mathematics. 
Since much of the learning is in terms of new language and terminology, 
reading comprehension is important to learning the mathematical concepts in 
this course. Real nuinbers are studied in terms of binary operations and the 
properties that hold in the set <i«e., conmutatlvlty, associativity). The 
binary operations of subtraction, division and multiplication are studied 
in terms of basic principles that hold in the set of reals. All basic 
principles learned are Integrated into a chapter on algebraic manipulation. 
The relation of algebra to geometry is studied. Elements of logic and 
deductive organisation are also studied. 

Set theory is used as an introduction to the structure of the number 
system in the algebra course. The sets of integers, rational numbers and 
real nuinbers are studied in terms of the basic principles that hold and of 
operations within the respective sets. This leads to the introduction of 
the concept of the variable that the student works with througliout the 
course. There are a nuoiber of types of equations that the students are 
expected to learn how to solve. In each case, fundamental concepts and opera- 
tions are introduced and the students learn to use the skills to solve equa- 
tions that are already given. From this, it is expected that the students 
solve verbal problems Involving similar concepts. There is an emphasis on 

Tsunehlro, A; ”A Descriptive Study of the ninth Grade Mathematics 
Curriculum at Stevenson Intermediate School” unpublished masters paper. 
University of Hawaii, Honolulu, 1966, 
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Integrating graphing lihenever it helps students to visualize concepts or 
solutions to equations* 

Algebra, geometry, and general mathematics are incorporated into a 
course in general mathematics. Mathematics 9X * Familiar ideas and instruments 

t 

are used to introduce newer principles and terminology in these fields* 

Topics that students should have been exposed to are enlarged upon and newer 
ideas are interjected* The influence of newer trends is particularly seen 
xdien the students sttidy the structure of the positive integers or whole 
nufld>ers by looking at the historical development of various number system* 
Measurement is used as the basis for studying and revie^dug main concepts 
concerning fractions, decimals, and per cents* Elements of slaq>le descrip- 
tive statistics are introduced* Also introduced are basic concepts involved 
in the study of algebra such as variables, algebraic symbols, directed 
numbers and solutions to equations* The final part of the course deals tjith 
applications of mathematics to dally life* 

Mathematics 9A and Msthematics 9U are basically remedial courses in 
mathematics* The distinction between the two courses is that more capable 
students are selected for Mathematics 9A than for Mathematics 9U* The 
subject matter of both courses is essentially the same but the depth of 
the treatment varies* The main objective of each course is to teach or 
review the structure of the idiole and rational number systems, and to gain 
proficiency in operations dealing with these sets* In addition the elementary 
concepts of business mathematics, measurement, geometry, and algebra are 
introduced in Mathematics 9A* 



Table A 

Intercorrelatlons of Subtests of Orleans Algebra Prognosis Test 
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Intercorrelations of Subtests of Orleans Geometry Prognosis Test 
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Mathematics Test Variables and Factor Loadings 
gnjfcjie Unrptated Factor Matrix* 

Factors 

Variables 1 xi III IV 
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STEP Mathematics 
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CMT Applications 
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OAPT Arithmetic Test 
OAPT Substitution in Monomials ■ 
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OAPT Meaning of E3q>onents 
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OAPT Positive and Negative Numbers 
OAPT Problems 

OAPT Addition of Like Terms 
OAPT Summary Test 
OGPT Axioms 
OGPT Reading Angles 
OGPT Kinds of Angles 
OGPT Complementary and 
Supplementary Angles 
OGPT Understanding Geometrical 
Relationships 
OGPT Bisection 
OGPT Geometrical Ndtation 
OGPT Geometrical Problems 
OGPT Summary Test 
DAT Numerical Ability 
DAT Abstract Reasoning 
DAT Space Relations 
Eigenvalues 



495 


785 


. 136 


-208 


491 


793 


126 


-218 


773 


054 


283 


275 


776 


061 


252 


177 


730 


-075 


468 


219 


709 


-033 


432 


225 


744 


-036 


-130 


057 


747 


174 


—408 


068 


642 


207 


-423 


117 


802 


057 


-316 


112 


749 


040 


-326 


152 


822 


-092 


-188 


Oil 


775 


-070 


-113 


060 


820 


-001 


-182 


041. 


800 


-199 


036 


027 


810 


-148 


-074 


025 


857 


-083 


-143 


066 


757 


-176 


076 


-242 


765 


-136 


-002 


-197 


769 


-020 


-141 


-101 


843 


-061 


-085 


-099 


554 


-101 


053 


-163 


766 


-216 


206 


»242 


729 


-102 


051 


-236 


651 


-159 


139 


-259 


837 


-192 


095 


-237 


848 


072 


109 


186 


672 


172 


075 


151 


709 


094 


157 


042 


16.433 


1.819 


1.679 


1.111 



^Decimals are omitted 



o 



X 



T^le H 



Uhrotated Factor Matrix for the Eight Variable Solution* 



Variables 


1 


2 


3 


4 


5 


6 


7 


3 


1 


-66 


-72 


-06 


-01 


-00 


1 

o 


-00 


-14 


2 


-66 


-73 


-05 


01 


-00 


02 


-00 


14 


3 


CO 

1 


20 


-12 


-16 


46 


10 


-06 


-00 


4 


-86 


27 


-23 


01 


-25 


-04 


-25 


00 


5 


-84 


27 


-28 


10 


-14 


22 


20 


-00 


6 


-88 


18 


-02 


-12 


00 


-38 


13 


01 


7 


-78 


08 


49 


-29 


-15 


14 


00 


-00 


3 


-79 


12 


33 


47 


10 


-02 


-02 


-00 



^Decimals are omitted 



\ 

\ 



xi 



M 

w 



JS 



1 *1 



cu* 

S 

5-J 

Cl 



T> 

CM 

4^' 



tt 



4.'i 

O 

«c: 

4J 



i:: 

o 

v> 

C 

Ti 

*w 

( 

o 



M 

O 

4J 

o 

ctf 

*t> 

c 

CO 

CO 

C) 

rH 

•8 

*H 

1^: 

CD 

> 

4J 

CO 

O 

H 

CO 

O 

•rl 

4J 

CO 

§ 

SI 

u 

s 



CO 

M 

O 

4J 

O 

C3 

|ici 



W 

M 



H 

H 



C'^OcnvfOr-IOOi-lvOvO 

mm<nr«*s0i-40'-<srcn 

ONCNflor^o 3 oovooor<*r** 



vo 

vO 

IV 



vco\ocn^Dir>c^<tO<f 
HCMCncMOOCOO^^rOCM 
•4 r~i fH tH (H ^ O ^ <^1 

llllflllll 



IV 

e>i 

0 

1 



cr»(T»o<l-cMfnr-itnrvvo 

cn<Tksxjinvoivo»^oxco 

r-if-i<ncn»Hi-<voooivrv 

I I I t I I I I I I 



vO 

c^ 

IV 

I 



tOONfHOOfO-sJ-0\fvrv 

rvvJ-vOO'»-io\i- 4 cy»cocn 

i«-iiv\ooof^cnooc 4 



s*- 

m 

04 



CM \0 fv vO 00 
CM CM 00 <sr 00 
cy» C^ r-l CM O 



vO CM CO CO 
IV m CO sf 
O CM CM »H 



00 

O 



iOO^CMtOsOCOini^O^CM 

COCMVOCMVOCMVOCOOO' 

iHt-<CM<OCOCOCOCM»-l<M 



m 

CO 

CM 



MtcMOfvfvorvcorv 

co\ocoo\osoooivm 

|vM>lv^^|vr^vO^ 



m 

Ml- 

IV 



co«st-cMmcTv<T»mo 

•^mioiTio^a^r-ioN 

MT.fv NO NO rv IV CO rv 



lOCOlv»H»H<OOf-«lv 

tnNOoovOiHoocoMrst 

f-MO'~l'HCMvHCMCMCM 
I I I I I I I I I 



tn 

Mf 

CM 

I 



OCMCMCOnOmIOcO 
cMON-sj-ivco<rom 
0 »H»HO»^COIvnO 
I 



MtvONOsl-MtMt-OOvOCTN 
movDNomtnoNoosl’ 
NONONOVj-CONOCMCOin 
I I I I I I I I I 



CM 

<1 

m 

I 



iriivoo-<j-<j-c7so 

OOtHcjNtnoomtv 

CMCMCOf-4CO«^COcM 

I I I I I I I 



ONOOOOO»HONst<J-CO 

Nomoo<OMi-Mj-cMONin 

CMCOCM<t-eOCOCM»HtH 



o 

«n 

CM 



NO CO iH ON nO 00 
coMloivoMi-com 
•HCOCMCMCOIOCOCO 



OOIVf-lCM*HO«d’M>iH 

comcMincM^Norvst 
00»-«00000»H 
I I 



vO 

CM 



OOMlNOCOrvONOMt- 
•HcnmcoivoocMO 

vHOvHvHOvHeMCM 



moNivoiv»HvfcooN 

cnOVONtHfV^^I^ON 

-tf-cocoiOMl^rvNOsi- 



CQ 

u 



o> 

CO 

cn 



^•^nO*-«CMCOOC' 
O <r 00 CM CO CO 00 Mf 
NOtVNOIvlvcOrHCO 



CM 

v:; 



•I 



*n 

IV 

NO 

• 

rH 



n 


00 


CO 


a Q 
§1 


HI 


H 


rH 


ti 3 


ti 


(9 


CO 


^ SS 


•H 


ft 


•H 


CO 


0 


0 


6 


H 41 


O 


CO o 


o 


a > 


e 


C 


e 


01 *rl 


o 


C 2 


•H 


■U 


S 


O s 


fO 


CM (d 


CO 


c 




o to 



f«4 

cs 

o 




r-- 



IT 

o: 








CTN 


C4 




00 


Vh! 


• 

fH 


<.j 


CM 


\0 


COJ 


i ^ 






• 


m 




i 






> R H H 
i:u ^ 111 

sss 



SSS8S8 



888 




-er|c 



xil 



C4 



H 

W 

> 



HI 

> 



ootn-^ovooiof-imtn 

<i'-ror«*crvL">cMvoco<J-ii^ 

ooooo*h»hooo 

t I I I I • I I I 



iTir^covo\or^H*cooor -4 

i-icacoMcO'a»oosj’0<M 

r-i rH r-l t— I W O ^ 

I I I I I I I I I I 



.. osfin»-io>»-iooi»-i 
»HCM«o<o»-ii-<<foocor^ 

I I I I I I I I I 






H 

H 



M 

a 

f-i 

•3 

•H 

c3 

> 



<n»-i<ninoc»icomcMsl’ 

r>.vonooH*nr-4<j-THo 

cT»<Xkoor>.oocoH»oooooo 



CM 

H* 



o% vo ir» 

CM CO <• 
o o CM »-i 



o vo o <o CM 

CO O VO CO iH t-H 

fH fH to o O CM 

I 



'ii 

CM 



CO 

o 



CO 

0 

1 



VOMfmdVr^OMfCOCOMj’ 
r-4r«.OC0C0CMt-<O 



CM 



lOOCOCMCOH-mCMCOCO 

cococo»-ir*»ovcoi-icocM 

ONOVvHCMOO'HCMvHvH 



tovHcMr^comtHocMf^ 

t-CeMCOOVOCTkVOMfCOOO 

»H»HeMCOCOCMCMCMt-4CM 



VO 

r%. 

I 



CO 

to 

CM 



•c^ 

OS 

o 



to 

o 

CM 



io<t»nMj-ov2-ii-<ov<j- 
•<j-vocoo3vooocor>.v5 
vo vo vo 






CM 



ov CO o cv 

or'»sj'«/>Mf^»^voov 

<rcMcomm<ocMCM«-i 



VOr^r*<VO'd’CD<tH.VO 

tHr^r^cooveovor^cD 

«-ioooooo»-io 

I I I 1 I I I I I 



I^H»C5>Ovr^lOi-MCOOV 
Mf«/>I^COO\l^»HCOCO 
*HO»Ht^f-l»-lCMCMCM 
I I I I I I I I I 



ONVOCOCMCOr^vOCMCO 

vOtOOVCMvHCOlOCOCM 

lOlOtOCO-chlOCMCOlO 

I I I I I f 1 I I 



r^covomsi'Ovor^co 
CO to vo CM t~i H* to 

CM to CM CO CM CO CM r~i rM 



CMOvO^vOr^ONOOvO 

vovocOfHcoior^ooco 

00*HOOOOO»-I 



mr^oooo'^o'ovsi’ 

Or^SOvOvHvHtHOOV 
CO CO sT sf sf vO sf 



Ml- 



Os 

as 

CM 



CO 

00 



0» M •d’ O CO vo t-4 CMI 
vOvOCvCMOr-ICMOvl 

o\ vo 00 00 CO 1^1 



St O' »H CM o O' sf CM 1 03 
CM CO CM v£» »-t col CO 

*-• CM O O CM CO 1-t »hIio 



CO 

C'J 



CM 

Mt 

CM 

I 



lO 

00 

Mt 

I 



St 

CO 

CM 



St 

to 



m m O' o vfl volvr 

to 1^ CO r4 \0 VOfs ■ 
CO fH fH o »H fH O olvj,- ; 

I I I f I I t 1 1 * ( 



O' CO O' H» CO to m cole; . 

H* CO c\ H* St o tojr** * 

O »H O CO C«* volo 

III till 



CO vO o »-l CO O' CD »H, 

CO m CO O' iM O' CO m .. . 
»H »H CO fH CO CO CO CM|rH 

I I I I I I I 1 1 • 



CM vO O vo vO o to 

COCMCOOOOrSeOst 






CO 

sr 

:■«» 



I-') 



to O vO 00 st 

1^ CM CM f>. »H 
O O O CM 



r-l O' 



vo 

o 

in 



r^o»-tiocMvotnst 
CM CM CO in o vo 

CO vO 1*^ !>• CM 1 ^ 



to 



to 



(0 

■u 

cu 

o 

o 

e 

o 

u 








in 03 



4J 

to •H 
o 

H d ^ ^ 

6 Ob o 

O O *H P«IM fM 

•H *H 4J ^ O -w 

4J 4J d pa 9 

CD 01 OD <U 

8 *H 4M c *H 
O 43 <P O <H 44 

q> ‘U <0 C to 

»4 «H 4a <U (0*0 
0« «4 9 to O 9 

CO 9> ^ 03 



01 

vH 

Ctf 

•H 

8 

o 

5 

OQ 

5 



lin 


• « 

1 * • 




1 ^ 


IvD 


1 ^ 


1 » 




IfH 






CM 




CO 


vt-i 


• 




[C^J 


vo 


xn 


vo 




uy 


* 

VD 

fH 





•H 


to 0 ) 


»4 


<i) »H 


a 


fH M 


«M to 


60 C 


O « 


P <4 


^ H 




ti 






l!S& 



sss 



8§8 




xiil 



Table K 



Suonnary Statistics for Mathematics Final Grade 



and Teacher Assigned Stanine Scores 



Criterion 




Boys 






Girls 






Total 




n 


Mean 


S.D. 


n 


Mean 


S.D. 


n 


Mean 


S.D. 


Mathematics 
Final Grade 


216 


2.1 


•95 


246 


2.0 


1.00 


462 


2.0 


.98 


Teacher 

Assigned 

Stanine 

Scores 


224 


4.9 


1.90 


243 


5.1 


1.91 


467 


5.0 


1.91 



